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Abstract
An ansatz describing in terms of formal asymptotic decompositions a leading term of asymptotics of the n
three-dimensional like-charged quantum particles scattering problem solution is suggested. The description of the
solution in those asymptotic configurations in which it was known earlier (for example, n = 3), coincides with
the previously known constructions [1, 4, 6, 8, 10]. It is shown that the Schredinger equation discrepancy for the
suggested ansatz decreases faster than the potential uniformly in all angle variables at infinity in configuration
space. An assumption is made about the structure of the leading term of the asymptotics of the scattering problem
solution related to the n three-dimensional quantum particles interacting by a broad class of slowly decreasing pair
potentials.
1 Introduction
It is well known that the leading term of the asymptotics of the n quantum particles interacting by repulsive
short-range pair potentials scattering problem solution represents a plane wave
Ψ0 ∼ e
i〈Q,X〉
, Q,X ∈ Rd(n−1),
where d – is a particle’s dimension. Whereas in the case when pair potentials are slowly decreasing (for example,
the Coulomb ones), even the case d = 3, n = 3 represents a difficult problem. Nevertheless, for the three charged
particles system a so called BBK-approximation has been known since the middle of the last century. It describes the
leading term of the asymptotic of the scattering problem for some configurations, that is to say for such asymptotic
configurations when all particles are well separated
ΨBBKc ∼ e
i〈Q,X〉Φ1(x1,k1)Φ2(x2,k2)Φ3(x3,k3), Q,X ∈ R
6
, xj ,kj ∈ R
3
, j = 1, 2, 3.
Here
Φj(xj ,kj) = Φ (−iηj , 1, i(|kj ||xj | − 〈kj ,xj〉)) , j = 1, 2, 3 (1)
is an explicit hypergeometric function [2], ηj , j = 1, 2, 3 - is a Sommerfeld parameter. This approximation was
studied in [1], see also [3], though it was used also earlier [4, 5]. It is clear that such an asymptotic description was
not complete, as the asymptotics of the scattering problem solution in the domains allowing the finite distances in
particles pairs was missing. This essential gap was partially filled by the works of Alt and Mukhamedzhanov [6].
However, the methods used in these works did not allow to describe the asymptotics of the solution in the vicinities
of forward scattering directions, uniformly in angle variables in all configuration space. It is required for example
for solving corresponding boundary problems. Thus a necessity to develop new methods appeared.
One of the methods to describe the asymptotics of the three-dimensional charged quantum particles with
repulsive pair potentials scattering problem solution has been developed in the recent years within the framework
of the approach based on the analogy of the scattering problem with diffraction problem of the wave on a system
of infinite semitransparent ”screens” with vicinities (see [7, 8] and references in the works). These ”screens”
represent a geometrical places of points in the configuration space of a many-particle system, in which the particles
in pair subsystems coincide. Such an approach to the scattering problem allows to attain uniform asymptotics
of the eigenfunctions of the continuous spectrum at infinity in configuration space on the basis of the heuristic
constructions. One of the construction criteria is the discrepancy decrease velocity of the heuristically found
Schredinger equation solution. In the work [10] the approach developed in [7, 8] for a three-body system was
generalized for a system of n particles with possible finite distances in pairs which are all well separated from each
other. In this work a uniform in all angle variables in configuration space asymptotics of the n like-charged quantum
particles scattering problem is constructed on the level of formal asymptotic decompositions.
In other words, an ansatz describing the leading term of the asymptptics of the n like-charged quantum particles
scattering problem solution is offered. An asymptotic description of the solution in those cases in which it was
known previously (for example, in n = 3) coincides with the earlier known constructions [1, 4, 6, 8, 10]. It is shown
that the Schredinger equation discrepancy for the suggested ansatz decreases faster than the potential in all angle
variables at infinity in configuration space.
1
2 Statement of the problem
We are studying a system of n three-dimensional equal mass particles interacting by equal pair Coulomb potentials.
The assumption of the equality of masses and potentials is introduced only to simplify the presentation. These
limitations can be easily eliminated.
The initial configuration space of the system is R3n. Stopping the center of mass motion, we arrive at the
system on configuration space
Γ = {r : r ∈ R3n, r = {r1, r2, ..., rn},
n∑
j=1
rj = 0}.
On Γ there is a scalar product 〈r, r′〉, induced by the scalar product on R3n. The system at Γ is described by the
equation
HΨ = EΨ, Ψ = Ψ(r) ∈ C, r ∈ Γ, (2)
H = −
1
2
∆r + V (r), V (r) =
n∑
i,j=1;i<j
v(ri − rj), rl ∈ R
3
, l = 1, 2, ..., n. (3)
Here ∆r – is the Laplace operator on Γ.
We now proceed to Jacobi coordinates on Γ, keeping to the following scheme (see, for example, [3]). Let ωj -
be a certain subsystem consisting of j particles, then its’ center of mass can be found:
wωj =
1
j
j∑
i=1
rki , (4)
where ki - indexes the particles. The coordinate j + 1 of the particle relative to the subsystem ωj looks as follows
xωjkj+1 =
(
2j
j + 1
) 1
2
(wωj − rkj+1). (5)
Starting from a certain particle (j = 1) and fixing the order of the inclusion of particles into a subsystem, we
introduce on Γ a set of n− 1 orthogonal coordinates - Jacobi basis.
Alongside with the thus introduced coordinates xωjkj+1 ∈ R
3 (j = 1, 2, ..., n−1) we will consider momenta dual
to them according to Fourier transform: kωjkj+1 ∈ R
3.
Note that the following relations are valid:
xω1m2 =
n−1∑
j=1
ζ
(l)
mjxωjlj+1 , m = 1, 2, ..., n− 1, (6)
kω1m2 =
n−1∑
j=1
ζ
(l)
mjkωjlj+1 , m = 1, 2, ..., n− 1, (7)
where the index l is fixing the corresponding Jacobi basis, while the parameters ζ
(l)
mj – are the transformation
coefficients between different Jacobi bases.
The relation below is valid too:
n−1∑
j=1
(ζ
(l)
mj)
2 = 1. (8)
We will assume that v(xβ1l2) =
a0
|xβ1l2 |
, a0 > 0, where xβ1l2 defines a relative coordinate in an arbitrary pair
subsystem in accordance with the Jacobi basis fixed by the parameter β.
We will finally re-write the Schredinger equation (2) in the Jacobi coordinates
HΨ = EΨ, Ψ = Ψ(X,Q) ∈ C, X ∈ Γ, E = Q2, (9)
H = −∆X + V (X), V (X) =
n(n−1)/2∑
β=1
a0
|xβ1l2 |
, xβ1l2 ∈ R
3
. (10)
Here ∆X – is a Laplace operator on Γ,
X = (xω1γ2 ,xω2γ3 , ..., xωn−1γn)
t
, Q = (kω1γ2 ,kω2γ3 , ...,kωn−1γn )
t
,
where the parameter γ is fixing a certain set of Jacobi coordinates, connected by the construction with a certain
two-particle subsystem.
We can also introduce more complicated Jacobi bases connected with several many-particle subsystems. Let
there be l subsystems in the n particles system, each subsystem consisting of mj particles, j = 1, 2, ..., l. On each of
such subsystems a Jacobi basis is introduced, consisting of mj−1 coordinates y
(j)
i , j = 1, 2, ..., l, i = 1, 2, ..., mj−1
in the way described above. After that a complementary Jacobi basis is introduced for a system consisting of
n −
∑l
j=1mj particles and l ”quasi particles”. The mass of each such ”quasi particle” is equal to a summation
of all masses of the particles included into the subsystem, while the coordinate of the ”quasi particle” coincides
2
with the center of mass of the subsystem. We will call the coordinates of the complementary Jacobi basis zi,
i = 1, 2, ..., n −
∑l
j=1 mj + l − 1. The complex of the l + 1 bases thus arisen
{
{y(1)}, ..., {y(l)}, {z}
}
forms a
complete Jacobi basis in the system of n bodies.
We will finally note that all the Jacobi bases constructed in a variety of ways in the complete n bodies system
are connected with each other by rotation transformations.
3 Result formulation
We will outline the structure of the ansatz describing the leading term of asympotics at infinity in configuration
space of the scattering problem solution in the system of n like-charged quantum particles. An essential assumption
is as follows. In the further considerations we assume that we know the solutions (not asymptotic but complete) of
the scattering problems in all subsystems of the complete n particles system.
We will consider first a configuration when all particles are well separated, i.e.
|xj | → ∞, j = 1, 2, ...,
n(n− 1)
2
.
Here xj , j = 1, 2, ...,
n(n−1)
2
– are pair coordinates.
In this case the asymptotic looks as follows:
ΨBBKc ∼ e
i〈Q,X〉
n(n−1)
2∏
j=1
Φj(xj ,kj), X =


y1
y2
. . .
yn−1

 , Q =


p1
p2
. . .
pn−1

 . (11)
As well as above, here Φj(xj ,kj) = Φ (−iηj , 1, i(|kj ||xj | − 〈kj ,xj〉)) - is an explicit hypergeometrical function
[2], ηj , j = 1, 2, 3 - is a Sommerfeld parameter, yi, i = 1, 2, ..., n − 1 – are the coordinates in the Jacobi basis,
pi, i = 1, 2, ..., n− 1 – are the momenta conjugated to them.
In the work [10] it was shown that the Schredinger equation discrepancy for such an approximation decreases
at infinity in configuration space uniformly in all angle variables faster than the potential.
We will assume now that with the hyperradius of the system R =

n(n−1)2∑
j=1
|xj |
2


2
going to infinity, some pair
coordinates turn out to be limited, i.e. for a certain subset of whole numbers σ ∈ {1, 2, ..., n(n−1)
2
} the following
relation is fulfilled
|xj | ≤ Ω <∞, j ∈ σ, R→∞. (12)
We will assume that the considered n particles system contains l subsystems, each consisting of mj , j = 1, 2, ..., l
particles. Here the condition (12) is met for all pair coordinates in the subsystems and only for them. In this sense
we will call such subsystems the ”clusters”.
We will introduce into our consideration the functions
χj(Xj ,Qj), Xj =


y
(j)
1
y
(j)
2
. . .
y
(j)
mj−1

 , Qj =


p
(j)
1
p
(j)
2
. . .
p
(j)
mj−1

 , j = 1, 2, ..., l −
continuous spectrum eigenfunctions of the isolated ”clusters” energy operators. These functions satisfy the
Schredinger equation of the form
−
mj−1∑
β=1
∆
y
(j)
β
χj +
mj(mj−1)
2∑
α=1
a0
|x
(j)
α |
χj =
mj−1∑
β=1
|p
(j)
β |
2
χj . (13)
For such configurations the asymptotics looks as follows:
ΨBBKc ∼ e
i〈Q0 ,X0〉
l∏
j=1
χj(Xj ,Qj)
n(n−1)
2∏
i=M+1
Φ˜i(x˜i,ki), (14)
X0 =


zN+1
zN+2
. . .
zn−1

 , Q0 =


qN+1
qN+2
. . .
qn−1

 , N =
l∑
j=1
(mj − 1), M =
l∑
j=1
mj(mj − 1)
2
.
We used here the definition
Φ˜j(x˜j ,kj) ≡ Φ(−iηj , 1, i(|kj ||x˜j | − 〈kj , x˜j〉)) . (15)
3
Note that the function Φ˜i(x˜i,ki), i = M + 1,M + 2, ...,
n(n−1)
2
differs from the expressions defined above in
the equation (1) by the transformation of the coordinate xi:
xi → x˜i, i =M + 1,M + 2, ...,
n(n− 1)
2
. (16)
The essence of this transformation is a key place in the ansatz construction. We will write first the expression xi
in the terms of the Jacobi basis constructed above in the considered n particles system:
xi =
l∑
j=1
mj−1∑
ν=1
ζ
(j)
iν y
(j)
ν +
n−1∑
ν=N+1
ζ
(0)
iν zν . (17)
Note that by the construction all the coordinates y
(j)
ν , j = 1, 2, ..., l; ν = 1, 2, ..., mj − 1 of the Jacobi basis are
finite and satisfy the condition (12):
|y(j)ν | ≤ Ω <∞.
On the opposite, all the coordinates zν , ν = N + 1, N + 2, ..., n − 1 are infinite ones. The transformation (16)
consists in the following substitution in the equation (17):
y(j)ν → u
(j)
ν = −i
∇
p
(j)
ν
χj(Xj ,Qj)
χj(Xj ,Qj)
, j = 1, 2, ..., l; ν = 1, 2, ..., mj − 1. (18)
Thus the expression x˜i, i =M + 1,M + 2, ...,
n(n−1)
2
(16) looks as follows:
x˜i =
l∑
j=1
mj−1∑
ν=1
ζ
(j)
iν u
(j)
ν +
n−1∑
ν=N+1
ζ
(0)
iν zν . (19)
The expressions (14)-(19) fully define the structure of the ansatz suggested.
Note that with |x
(j)
i | → ∞, i = 1, 2, ...,
mj (mj−1)
2
χj(Xj ,Qj)→ e
i〈Xj ,Qj〉
mj(mj−1)
2∏
i=1
Φi(x
(j)
i ,k
(j)
i ).
Thus it is clear that if all pair coordinates in the subsystem go to infinity, the expression (14) goes into the
expression (11) with an accuracy up to the value which does not influence the discrepancy decrease velocity in the
main order.
4 Verification of the constructions suggested
We will study the Schredinger equation discrepancy behaviour for the suggested constructions. Let us consider first
a ”cluster” of n− 1 particles and one isolated particle.
4.1 Notations system
Let the Jacobi system of coordinates connected with n− 1 particles in ”the cluster” and arising after a separation
of the center of mass, looks as follows:
yj , j = 2, 3, ..., n− 1.
In this connection we assume that the absolute values of all Jacobi coordinates in the ”cluster” are limited:
|yj | ≤ Ω <∞, j = 2, 3, ..., n− 1.
The Jacobi coordinate z1, describing the dynamics of the separated particle relative to the centre of mass of the
”cluster”, satisfies the condition
|z1| ≫ Ω.
Let all pair coordinates in the n particles system xα be numbered by the index α,
α = 1, 2, ...,
n(n− 1)
2
.
While for the pair subsystems not containing a well separated particle
xα = ζα2y2 + ...+ ζαn−1yn−1, α = 1, 2, ...,
(n− 1)(n− 2)
2
. (20)
For subsystems containing a well separated particle
xα = ζα1z1 + ζα2y2 + ...+ ζαn−1yn−1, α =
(n− 1)(n− 2)
2
+ 1, ...,
n(n− 1)
2
. (21)
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Note that the conditions of the rotation transformation for various Jacobi bases are met too.
n−1∑
j=1
ζ
2
αj = 1.
For the momenta conjugated to the Jacobi coordinates the relations are fulfilled analogous to (20),(21):
kα = ζα2p2 + ...+ ζαn−1pn−1, α = 1, 2, ...,
(n− 1)(n− 2)
2
. (22)
kα = ζα1q1 + ζα2p2 + ...+ ζαn−1pn−1, α =
(n− 1)(n− 2)
2
+ 1, ...,
n(n− 1)
2
. (23)
4.2 Ansatz structure for a configuration: one well separated particle and a
”cluster” consisting of n− 1 particles.
The ansatz structure in the case considered looks as follows:
Ψ(X,Q) = ei〈q1,z1〉χ(X,Q)
∏
α∈{M0}
Φ˜α(x˜α,kα), (24)
X =


z1
y2
. . .
yn−1

 , Q =


q1
p2
. . .
pn−1

 .
Here the function χ is a scattering problem solution in the system of n− 1 particles included into the ”cluster”
, and satisfies the Schredinger equation
−
n−1∑
β=2
∆yβχ+ V1χ = E1χ. (25)
Here we use the notations
V1 =
∑
α∈{M1}
a0
|xα|
, E1 =
n−1∑
β=2
p2β, (26)
{M0} =
{
1 +
(n− 1)(n− 2)
2
, 2 +
(n− 1)(n− 2)
2
, ..., n− 1 +
(n− 1)(n− 2)
2
}
,
{M1} =
{
1, 2, ...,
(n− 1)(n− 2)
2
}
.
Functions Φ˜α(x˜α,kα) represent a modification of the explicit hypergeometrical function
Φ (−iηα, 1, i(|xα||kα| − 〈xα,kα〉)) , α ∈ {M0}.
with each vector coordinate in the third argument
xα = ζα1z1 + ζα2y2 + ...+ ζαn−1yn−1, α =
(n− 1)(n− 2)
2
+ 1, ...,
n(n− 1)
2
undergoing a change
xα → x˜α,
where
x˜α = ζα1z1 + ζα2u2 + ...+ ζαn−1un−1, α =
(n− 1)(n− 2)
2
+ 1, ...,
n(n− 1)
2
,
uj ≡ −i
∇pjχ
χ
, j = 2, 3, ..., n− 1. (27)
We remind that the function χ satisfies the equation (25)and depends on the above introduced set of Jacobi
variables y2,y3, ...,yn−1,
χ = χ(y2,y3, ...,yn−1;p2,p3, ...,pn−1). (28)
The structure of the presented modification is dictated by a method developed earlier in the works [7], [8], [10],
[11].
Note too that as was shown in the work [10] for an analogous case, the asymptotic transition at yα → ∞, α ∈
{M0} is valid:
Ψ(X,Q) → ei〈Q,X〉
n(n−1)
2∏
α=1
Φα.
A correction to the asymptotics contains only the terms, the discrepancy of which in the Schredinger equation
decreases necessarily faster than the potential.
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4.3 The construction of the Schredinger equation discrepancy and the evalu-
ations of the velocity of its’ decrease at infinity in configuration space.
We will show now that the discrepancy of the expression described in (24) decreases faster than the potential
uniformly in all angle variables in configuration space. Here and below all evaluations are considered beyond
narrow vicinities of the directions 〈xˆα, kˆα〉 = 1, α ∈ {M0}. We can however show that also within these narrow
vicinities the discrepancy decrease will be faster than the potential, even though we cannot construct for that the
estimation from below. To the subject of this special case a separate article will be dedicated.
4.3.1 Intermediate estimations
We will give a number of intermediate estimations which will be required for further computations:
|xα| = |ζα1||z1|+ εα1
n−1∑
β=2
〈zˆ1, ζαβyβ〉+O
(
1
|z1|
)
, α ∈ {M0}, (29)
where a following notation is introduced εα1 ≡ sign(ζα1).
The next estimation looks as follows:
|xα||kα| − 〈kα,xα〉 = |ζα1| (|kα||z1| − εα1〈kα, z1〉) + εα1|kα|
n−1∑
β=2
〈zˆ1 − εα1kˆα, ζαβyβ〉+O
(
1
|z1|
)
. (30)
For further computations we will need a notation uj , j = 2, 3, ..., n− 1, introduced above in the equation (27):
∇yβ Φ˜α = iΦ˜
′
αεα1|kα|
n−1∑
ω=2
∇yβ 〈zˆ1 − εα1kˆα, ζαωuω〉, (31)
∆yβ Φ˜α = −Φ˜
′′
α|kα|
2
∣∣∣∣∣
n−1∑
ω=2
∇yβ 〈zˆ1 − εα1kˆα, ζαωuω〉
∣∣∣∣∣
2
+ i|kα|εα1Φ˜
′
α
n−1∑
ω=2
∆yβ 〈zˆ1 − εα1kˆα, ζαωuω〉, (32)
∇z1Φ˜α = iΦ˜
′
α|kα||ζα1|
(
zˆ1 − εα1kˆα
)
+O
(
1
|z1|2
)
, (33)
∆z1Φ˜α = O
(
1
|z1|2
)
. (34)
We will apply now a Laplace operator to the full solution Ψ(X,Q):
∆z1Ψ = −q
2
1e
i〈q1,z1〉χ
∏
α∈{M0}
Φ˜α + 2ie
i〈q1 ,z1〉χ
∑
α∈{M0}
〈q1,∇z1 Φ˜α〉
∏
γ∈{M0}, γ 6=α
Φ˜γ + (35)
+ ei〈q1,z1〉
∑
α∈{M0}
∆z1 Φ˜α
∏
γ∈{M0}, γ 6=α
Φ˜γ ,
∆yβΨ = e
i〈q1 ,z1〉χ
∑
α∈{M0}
∆yβ Φ˜α
∏
γ∈{M0}, γ 6=α
Φ˜γ + 2e
i〈q1 ,z1〉χ
∑
γ<α∈{M0}
〈∇yβ Φ˜γ ,∇yβ Φ˜α〉
∏
ω∈{M0}, ω 6=α, ω 6=γ
Φ˜ω +
(36)
+ 2ei〈q1 ,z1〉
∑
α∈{M0}
〈∇yβ Φ˜α,∇yβχ〉
∏
γ∈{M0}, γ 6=α
Φ˜γ + e
i〈q1,z1〉∆yβχ
∏
α∈{M0}
Φ˜α + O
(
1
|z1|2
)
.
4.3.2 The discrepancy structure
After the substitution of the expressions (31)-(34) into the equation (35)-(36) we can obtain an expression for the
discrepancy
S = (H − E)Ψ, H = −∆z1 −
n−1∑
β=2
∆yβ +
n(n−1)
2∑
α=1
a0
|xα|
. (37)
Note that beyond the vicinities of special directions from the hypergeometrical equation for the function Φ˜α
2k2α(1− 〈kˆα, ˆ˜xα〉)Φ˜
′′
α +
a0
|x˜α|
Φ˜α − 2i|kα|
1
|x˜α|
Φ˜
′
α − 2k
2
α(1− 〈kˆα, ˆ˜xα〉)Φ˜
′
α = 0
there follows with regard to(29)-(30) a relation
a0
|xα|
Φ˜α = 2k
2
α(1− εα1〈zˆ1, kˆα〉)Φ˜
′
α +O
(
1
|z1|2
)
.
Keeping in the discrepancy only the terms decreasing at infinity in configuration space not faster than the
Coulomb potential, we obtain with regard to the previous evaluations
S = 2
∑
α∈{M0}
|kα||ζα1|Φ˜
′
α〈q1, zˆ1 − εα1kˆα〉
∏
γ∈{M0}, γ 6=α
Φ˜γχ − (38)
6
− i
∑
α∈{M0}
εα1|kα|Φ˜
′
α
n−1∑
β=2
∆yβ 〈zˆ1 − εα1kˆα,
n−1∑
ω=2
ζαωuω〉
∏
γ∈{M0}, γ 6=α
Φ˜γχ −
− 2i
∑
α∈{M0}
εα1|kα|Φ˜
′
α
n−1∑
β=2
〈
∇yβ 〈zˆ1 − εα1kˆα,
n−1∑
ω=2
ζαωuω〉,∇yβχ
〉 ∏
γ∈{M0}, γ 6=α
Φ˜γ +
+ 2
∑
α∈{M0}
|kα|
2Φ˜
′
α
(
1− εα1〈zˆ1, kˆα〉
) ∏
γ∈{M0}, γ 6=α
Φ˜γχ + O
(
1
|z1|2
)
.
We rewrite the equation (38) for the discrepancy in a simpler way
S =
∑
α∈{M0}
SαΦ˜
′
α
∏
γ∈{M0}, γ 6=α
Φ˜γ + O
(
1
|z1|2
)
, (39)
where the coefficient Sα looks as follows:
Sα = 2|kα||ζα1|〈q1, zˆ1 − εα1kˆα〉χ − (40)
− iεα1|kα|
n−1∑
β=2
∆yβ 〈zˆ1 − εα1kˆα,
n−1∑
ω=2
ζαωuω〉χ −
− 2iεα1|kα|
n−1∑
β=2
〈
∇yβ 〈zˆ1 − εα1kˆα,
n−1∑
ω=2
ζαωuω〉,∇yβχ
〉
+
+ 2|kα|
2
(
1− εα1〈zˆ1, kˆα〉
)
χ.
Consider now a behaviour of a simpler object - a coefficient Sα. Our goal is to prove the following statement:
Sα = 0, α ∈ {M0}. (41)
This statement is equivalent to the statement that full Schredinger equation discrepancy for the suggested
scattering problem solution asymptotics of n like-charged quantum particles decreases at infinity in configuration
space faster than the Coulomb potential.
4.3.3 Proof of the statement about the decrease velocity of Schredinger equation discrep-
ancy.
We will need an equation (23) quoted as follows:
q1 =
1
ζα1
kα −
1
ζα1
n−1∑
ω=2
ζαωpω, α ∈ {M0}. (42)
Here ζα1 6= 0, as the equation for the conjugated (in the sense of Fourier transform) coordinates (21) at α ∈ {M0}
necessarily contains a big parameter z1 with a non-zero coefficient.
We will substitute the equation (42) into the sum of the expressions in the first and the fourth lines of the
equation (40):
2|kα||ζα1|〈q1, zˆ1 − εα1kˆα〉χ + 2|kα|
2
(
1− εα1〈zˆ1, kˆα〉
)
χ = −2|kα|εα1
n−1∑
ω=2
ζαω〈pω, zˆ1 − εα1kˆα〉χ. (43)
With regard to the equation (43) the expression for the coefficient Sα (40) is rewritten as
Sα = −|kα|εα1
n−1∑
ω=2
ζαωσ
α
ω , (44)
where σω is expressed as follows:
σ
α
ω = 2〈pω ,aα〉χ +
n−1∑
β=2
∆yβ
gαω
χ
χ + 2
n−1∑
β=2
〈
∇yβ
gαω
χ
,∇yβχ
〉
, (45)
gαω ≡ 〈aα,∇pωχ〉, aα ≡ zˆ1 − εα1kˆα.
To simplify the computations, we will assume that we are beyond the vicinities of zeros of the function χ. We
will only note that the method we use [8] allows to describe the result also when such limitations are missing.
With regard to the expressions
∇yβ
gαω
χ
=
∇yβ gαωχ− gαω∇yβχ
χ2
,
∆yβ
gαω
χ
=
1
χ
∆yβ gαω − 2
〈∇yβχ,∇yβ gαω〉
χ2
+ 2gαω
|∇yβχ|
2
χ3
−
gαω
χ2
∆yβχ
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we will return to the presentation for σαω (45)
σ
α
ω = 2〈pω, aα〉χ +
n−1∑
β=2
(
∆yβ 〈∇pωχ,aα〉 −
〈∇pωχ,aα〉
χ
∆yβχ
)
. (46)
Remember now that as was noted above in (28) the function χ is a ”cluster” wave function and it depends on
a set of variables yβ, β = 2, ..., n− 1; pω, ω = 2, ..., n− 1.
We will act on the equation (25) by the operator ∇pω and multiply the result by the independent vector a in a
scalar sense:
−
n−1∑
β=2
∆yβ 〈∇pωχ,a〉 + V1〈∇pωχ,a〉 = 2〈pω, a〉χ + E1〈∇pωχ,a〉. (47)
The expressions for V1 and E1 were described above in the equation (26). Substituting the equations (25) and
(47) into the equation (46), we conclude that the following equation is valid
σ
α
ω = 0, α ∈ {M0}, ω = 2, 3, ..., n− 1. (48)
From the equation (44), thus it follows that
Sα = 0, α ∈ {M0}. (49)
In accordance with the equation (39) we have shown that the full discrepancy S of the Schredinger equation
decreases at infinity in configuration space as O
(
1
|z1|2
)
.
4.4 Extension of the statement about discrepancy decrease velocity to an ar-
bitrary asymptotic configuration in the n particles system.
Now we will return to the general expression for the ansatz (14). It was noted above that in a limit case when
all relative pair Jacobi coordinates go to infinity, the expression (14) goes into the expression (11). This case was
studied earlier in the work [10], where it was shown that the Schredinger equation discrepancy for such an ansatz
decreases fast. Note that the ”cluster” functions χj do not contain the big variables z. Thus the discrepancy
computation connected only to these variables, repeats the proof suggested in [10]. Note now that according to the
constructions offered above, each finite variable y is an argument of just one ”cluster” function χj . In the sense
the computation of the discrepancy connected with finite variables repeats the proof offered above for the case of
an arbitrary ”cluster” and one well separated particle.
The suggested arguments demonstrate that the Schredinger equation discrepancy for the ansatz (14)describing
a leading term of the asymptotics of the n three-dimensional like-charged quantum particles scattering problem
solution, decreases faster than the potential at infinity in configuration space uniformly in all angle variables.
5 Conclusion
In this work on the basis of the results in the works [8],[9], we have offered an expression for an ansatz describing
in the terms of formal asymptotic decompositions a leading term of the asymptotics of the n three-dimensional
like-charged quantum particles scattering problem solution. We have demonstrated that the Schredinger equation
discrepancy for this ansatz decreases faster than the potential at infinity in configuration space uniformly in all
angle variables with an exception of, maybe, narrow vicinities of the forward scattering directions. In these vicinities
the discrepancy decreases faster than the potential too, however, we have not succeeded to obtain exact estimations
limited from below.
We will formulate as well An assumption.
An assumption: The Ansatz of the kind (14) on the level of formal asymptotic decompositions describes a
leading term of the asymptotics of the n three-dimensional quantum particles scattering problem solution for a
broad class of slowly decreasing pair potentials.
The definition of this class would be the subject of a separate work.
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